Dihydroquinone ansamycins: toward resolving the conflict between low in vitro affinity and high cellular potency of geldanamycin derivatives.
Heat shock protein 90 (Hsp90) is critical for the maturation of numerous client proteins, many of which are involved in cellular transformation and oncogenesis. The ansamycins, geldanamycin (GA) and its derivative, 17-allylaminogeldanamycin (17-AAG), inhibit Hsp90. As such, the prototypical Hsp90 inhibitor, 17-AAG, has advanced into clinical oncology trials. GA and 17-AAG potently inhibit tumor cell proliferation and survival but have been reported to bind weakly to Hsp90 in vitro. Recent studies have suggested that the in vitro potency of ansamycins against Hsp90 may be enhanced in the presence of cochaperones. Here, we present evidence of an alternative explanation. Ansamycins reduced to their dihydroquinones in the presence of common reducing agents in vitro have approximately 40-fold greater affinity than the corresponding oxidized quinones. The dihydroquinone of 17-AAG is not generated in an aqueous environment in the absence of reducing agents but is produced in both tumor and normal quiescent epithelial cells. The reduced form of 17-AAG is differentiated from its oxidized form not only by the higher affinity for Hsp90 but also by a protracted K(off) rate. Therefore, the in vivo accumulation of the high-affinity dihydroquinone ansamycins in tumor cells contributes to the antitumor activity of these compounds and alters our understanding of the active species driving the efficacy of this class of compounds.